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ilb J$ _L m fa - # aa & ( a - s i 1 i c o n & a - S i ) >f it m. ' *b 
A *p £ m it ^ & # ^ H 4b(RC 1 oxidation) & & 
t # ^ 1Mb #7 ( S i 0 2 ) • *'J ffl ^ # B £ m it ^ ^ ^ ' °r «. # 
ti^^H^^t^&tA - it it - # Rr jt -i- at # -fit 7t Mi 
(bit lines) 2r ft 4l =fc f; Jl « #(SubVt leakage) • 



( — ) - fit ft * S ^ it # ft * # Sfe ffi JP- tfc B £ : 

* m * ~ d t ; 

* ># ~ 1 1 o ; 

* m * € S H ~ 1 2 0 ; 

a -fb>t~130 ; 

- " %X.%Wm$r (WwJm ■ METHOD OF CONTROLLING TOP WIDTH OF A DEEP TRENCH) 

A method of controlling top width of a deep 
trench. A conductive layer is formed on the 
trench over a substrate of polysilicon with a 
recessed structure. An additional layer of 
amorphous silicon ( a-Si) is deposited onto the 
polysilicon. After a follow-up of oxidation 
process, the amorphous silicon is converted to 
Si0 2 . According to the invention, the top width of 
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n'^$l1&l£~140 ; 
Q II 4b M - 1 5 0 ; 
4Mt*?,§~200 ; 
$ - £ B 0 a >§ ~ 1 8 o ; 
IL to ft fifc ^-160 ; 

^ t yf -210 ° 



^ - : METHOD OF CONTROLLING TOP WIDTH OF A DEEP TRENCH) 

deep trench is controlled, preventing bit lines 
from sub- thresho 1 d leakage. 
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•it * ft m 






% ft 







^■#^^la® > * M f ^DRAM m M. m *(deep 
trench) # ?'J 6<j f ® 1 • M ffi ^ # # ^ ft ^(folded bit 
1 i ne ) m ^ t • *-*iftS*t & * ^.WLj - 

WL 2 « Jl - 4fc 4fc to ,^BL > * t # ^CB ^*-^ltl#^#S ' 

# m,dt * - >m m j* ' fl& ^ sfes m ^ * ^ m *dt n *p 

t*#S3^1b® ' ^f^Tfc H £a D R A M lU/Ilif SI 6tj 
*I fl& * * B • - * * ft # * « 1 0 W U ft % - * m ^DT • ffb 
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JL - (2) 

& — S^€^^tS.(buried plate) - — tp,Hfe^€^f(node 
dielectric) a £l — M # bp ,f£ (storage node) 4 i ° M 
^jfc&jfc«#-3ll24LjR# ' -T * ' *I ffl >St >fe '14 Hfc ^ 4fe *J 
(RIE) * ' ^r^pS^**^*JllOrtf A** *DT - ft 
4£ ' #&*-£&#-&4Mb4*K'fcI*o : *t ^ ^(ASG) tt&$2 
*a H 6& it * jR a ' tn + *DT T 2r & 

J* • ifi3^^-n + ^ H14 ■ ffl*^****«3gL3S126«j 

J£ ^ € & o ^ ^ . jjfr gfc ^ j^DT T3F£*S.*-rt'W«*&*P 

^ ° t ' ^ f i j^DT ft SJL ' — n + 3!! # 3£ ^ * - P & & M 
18 ' iiEJ^fln^^GO^Crecess)^^ — | a B a ^ll8I- « 

%.&jL&3L%Lmfc%&%12*.&. ' & ^ HI *DT _L * 
g. ^ tft 4M * -b 12. # — %k ^ 4h € ( c o 1 1 ar dielectric)^20 

J= # J 3 * *& M 2 4 - '& 4* U'l *T it *t - * j» Pft & ( ST I ) tk ^2 6 - 
^ it IfcWL, - WL 2 - *£28 - fa 7t&m ^ SCB a 

liSLic, ,^BL ° & #l%**M*fc2 6& ffl#.&^p&*a*P4L 

DRAM J8& • 

#. ^ m. m ^dt ^ ti -gp m o ^ si & & & m. i o 1*3 % & % - m ^ 

=f ^ # ^(buried strap outdi f f us ion) & i&30 « # — 
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3- - (3) 

up K & ^ -fr © (node junction) » 3£ & * ^ /& ^ Sfc m ^DT M 

z_ % ^ % ik & M22 n % ^. n ^ ^ 24 ^ it ^ >m m & % % m 

fit ^DRAM *L « # # 4* Jg *4b ' ^ ^ j| 4: A -t A * # E& 

# 0 °a f 'S^lffiit ' t A 6d f I -*DT K t » - "sf # $>j £■ 
HI f i ' *f « S * *\ ° & *h ' ^^iiDTX.t i§ 
A'^^^,^^^^i*7^(AA, active area) f i 
(over 1 ay) M m % & & • £M'J £ ' ♦ */ SSL & #t ifc S. 

i£28 * « ^ # # # it £ 4*30 ^ « # * ft it *t £ *fcL ' ifc flo 
^&«,^###ifc£i*3 0jfc#-it&* > M. M & 

% M(sub-Vt) tit ■ 

If # Ba 9 2a J.2f K ' ^i*f f l^ffl a|tt 

*^*1U#EI ISCpul 1 back) *«J £ £ a a a ^ # * ^ $L 

m * #j ® 7F * ^ • *» $2a m m ^ ' — p^-f. tf-*t^*.&io 

&.ttif i^f Sil2^f # ' eL ^ ^ : - «L 4b ^ * M 
13A-|L'fb^ffe'^15#j&^-*«'Jfe*ll * - il*17 - 
-n + 3H#$c&14 — iib^|16aA--ii^#lt|-| 
H B H ^|18 • & & ' t 3Hi il7M o 4 ^ i 4b ^ f ^ 1 3 « ,t 

& #j ^ ^.(phosphoric ac i d) ifc -ft E7 *g (pu 1 1 back ) • 
*^Ji5fei3lfi^lL^b^*4fl3WA*Jit^A^JN-*.'fb^«' 
>i 1 5 ifc ^ ' *2b« ^r^iftt ° 
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i - &WnW (4) 

j£4tfl5-L-&j&-#-4Mb^,f34 ' ffl af If iil7 1^ 
fi J* 4L * ' T *t 4£n + 2!#*fcl£14*3fe.#*l4lF^S^#*h 
#ftgi$304L R3 - & ' * 2 d IB m ' M ffl 

CVD >5r ^ sl 3* - 9 — H 4b ^ >f 3 6 • # a # # ft *£ It ^ $>J 2r 
A^rfk % - ^ is *P % 1 8 TS £P ^ 9 — *. 4b & ># 3 6 - 

& # ' *» * 2 e ffl m ' |*17^)£f |-|a B B ^ 

^22 • iiiHj^^ — ^ B B B ^>f22^-^^>m^ - & &l ' 
2 f IB m ' #flfflj»«*]>rs£*l&^#^£-4Mb^,t34tt 
&*.=-|l4b#*36 ' i M. a A 9 -=- £ b b b ^ * 2 2 ft « £P ■ X>| 
fk%^%-&fcty%Z±MBL%~&4h*P%Zbfom ft Mb - 41 
32 f >f 2 0 - ^^,^2!-fh^>f204Li ^^^^h#^cm^30 
H a a f ^^14 4: Fal it J'J % Sfc 6*; BS> *& ' J-X ftr jL *b & # « 
3fL I8J j£ #DRAM Jfe 4& © b£ W (retention time) ° 

& fl& ' #j^£-4Mb^,§34^#L4b;ft*i&a-fr'i£--SP 
###&;£10#£j&ASiO 2 ■ Hjfc^* 4* 
» * * * IK # M n X. ^ ( ait * 3»DT f UiiPfl o 4St A 

is: ) ' # sa *3 » ' *» itb it % % ft *wl a an % **dt 
it ifsiJXiSAf ^iti^3o^^i$ » £ ♦ is 
«/ ;i^#f i ^,28 n ^30 ^ na # * & 

it & a a&L ' it ft f ,1 il f J! 3t| ^ ^ f f (sub-Vt) 



1 
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3. > faM»B (5) 

tf) & $L # 

sfc m n >m m at m n 4 «, * # 1 1 m e © «g 

(pul lback) a * dl ^ 4fe ^ 10 • & i£ & >m ^ >HDT H -SP Bfl a 

a a* * ± # a * • <a ^ «■ m m m » * * * * *i i *t *t 

©«6<r^-W*:^*4-S-6*i ' ^ ^ ^ < ^ # % ' sfc $ T # 5*. 
^^^H^ilTSfMo^fftAi'&R-jt^t M(sub-Vt) S 4i 
ft m> $^ ' <a*^3H*)t^L^5tfcb(aspect ratio) -ft 
^^^4:1) ' ^ » m «• Jfe * it 4r Sj $g (pul lback) « ^ ^ # 
a 9 — P & ^ * J* £ * m # • £ it j& m. Rfc ( s e am ) 1 9 A *L 
-^(void) # ± ' ft #- J& 3£2g ffl ' jib - *. ' ^ is. if jja J 
*4t^,««-«lia*L ' J- ^ & ?L >fl ^ ^ t£ 3k ^ # © ^ 

& *b # * * u m. ' a m «. ^ #j # >m m * % n & 

M $L %. & & ° 

[ # W 1*3 ] 

^(recess) 4l 3? - # b b b ^ # ' * ^ # & ^ ^ j5L 3* * - 4b 
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i - %Wt&*ft (6) 

f H jfa 3l ft *(chemical vapor deposition) ' £• % # ^ A 
^ — € H; *r 3£ 4b # H 4i Sfc %k (P 1 asma enhanced 
chemical vapor deposition 'PECVD)#|& » #1 Jf 4£ & IE 
& 4: I t 1^ t ' a S£ # P£ # 1. 31 il (step coverage) ^ J 
£ 4£ ^ & ' jfit ^ ^ *t( non-conformity) # i 

4± ' B jtb * iZ ft & — 6 ^ /£ ^ 03 -4 ( r e c e s s ) ^ £ a a a & ^ 

^ • 

# A *p 4b & &4b *P # # *'J ffl *b * * 3* TS # & ^ >ft 3* 
U. Jf # ' ^ ft 4b i& 31 t ' * * ^ ^ ^ # b b b # & °T 4& 
$ & ffn # & & ft, 4b ( S i 0 2 ) » ffn ^ t ^ I t ^ ^ 1 i ' 

X.-t^-frSft.'ft^j&i&ffijftA • 

* & # a £ ft ■ i£ ^ it >m I * ^ Tl «p X. # A #j 3- 
^ ' # b b b ^ a ft 4b ^ JR. ^ 41 ' % & & T n # J» : * ^ - 
^ f ^(collar TEOS) it ifi. ^(col lar TEOS anneal 

— # A ^ Jt ' # it *T * — £ B a a ^ * 4b * & *K M ' * ' 
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i » (7) 

[ ir *. ^ a i 

tfr #- 53 # 3a 5. 3 e ffl > *-^?'J^*i*t#*JftI ' 
A # 2r * - 

■r & ' ft # » * 3a n m * • «:^--ftMt^*Aioo 

jfc«g.3S120 4fcfe^#-*«>^€:|S*Ll40 - - fp ft -fr % % 
160wiL-«#ffftl80 - ^m^€^^120^^^>r*^ 
T #r it • «-p^^l|-*t^*.^100*^l ' It * - «■ M 1 1 0 

^ & - ?H $ *dt - Ji ig. * # 1 1 0 4fc *-^ft^b>fl30^-^ 
H >fb >f 1 5 0 fifr m j& > . «• 4b ># 1 3 0 4l # f T A & 4b • flo^ 
IL>fb>fl504L#t^r^lL^b^ • fln#. > 

4b ( W -kP : «t sfc 3& ( ASG ) a ^ 3. £a ffl tf) iE U M ' °T 
-fltn 4 ^dt T ^ H. J^, - Tfn^/£-n + ^#$: 

HI 40 > ffl f 4: M ^ € 4£-#L • & %t ' ^ Sfc * * 

dt^rt4W«*&^^j&~tL4t##160 ' T fcl *» * «L 4b ^ 
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5. - %mnm (8) 

^'J J. ^ * ^ € >f * ® ^ ^ ^ & * S ^ 6 O O nm ~ 1 4 O O nm 6t >m 
tt*L4b#*160*'J*ffi^*f;3g:iS4Lfpi!;-fr«,* " 



& ' #- M # 3b H #r 7F ' * ^ m i&dt ^ >Jjl X tb 
(aspect ratio)^A(^i^A^4:l) ' ^'Jffi#^l^i&^^ 
^ *t » aSLiftlt^ajlJfe^Cstep coverage) ^4^4: 

' ^'ff^fr^^bflL^ i5E,t(plasma enhanced 
chemical vapor deposition » PECVD) ^ & STL ^ — $j 
1 0 0 -20 0 J* £ •£ * # # J« A '&(non-conf ormi ty) # 'i± ^ 

# a B B ^ 1 9 0 ' ^ ft 4b ^ 4: >f 1 3 0 41 * * IL 4b ^ * 1 5 0 4ti 
« ' -B-*>^3fc&?*dtA#— $-«4H80_t - ^ Ji i& ® 

i)r ' & : jfc # a a a ^1 90 >7L 3» - a ^ j& ej 4(recess) ^ £ a B a 
I j»dt t ' Jfr' ♦ dl 3L is *P 1 90a i* *t ;£ *pi 90b 

# * ' tf # as $ 3 c ffl ' a & ft 4b *J *» 9 0 0 

°C , 0 . 5 hr 2r ^ ' iWF # b b b 1 9 0 ft 4b & ft 4b ^ * 2 0 0 ft a € £ 
?m & j&d t ^ #J % M. Wl M- & # a B a ^ 1 9 0 _L © ' »T 4£ n + & ft 
£140*&#&#^:S^##4*ft®4*4LrattJi&*fcifc* - 

* #>] ft ft 4b i& m t ' ^ # a B a ^ 1 9 0 ft 4b & ft 4b M 2 0 0 4l 
4fc *!l : # *'J ffl jfc ^ m *dt IS £P # & 1 90 3t ^ ^ # 




3. - ®wnw (9) 

>Hk ' 4b i& m t ' * * ^ # B a a 1 9 0 ^ 8L »T ^ $ 

ffij # #• /& a 4b 4*/(Si0 2 ) ' iSj^t^fi^dtjl^Ii--^ 

^ iiijfiiit#i?ii >^dt isff«ox.f ' «. # ^ m *dt 

Tl^/^^-frBJMb^^OOjR^ff&ftA • 

>f- #1 *J 3 0 0 A ^ € >§ 2 1 0 ' J-X £ 4$ t£ <t ^ H jt- 

« « * 3 ft • fl6^t*210 4#f 74 s Z**,i^«(TEOS 
) * ^ & #j — *L 4b ^ m ft. # • tt4Lit^t-fh€>t210ig.^llS 

& * ' #- m. % 3d ffi m ^ it # ^ t Jk 2 i o it 4k m u & 

* a* * *dt A # 4L II 4t # Am 0 A -fr « * 2 1 0 • £ >m « 
220 (collar dielectric) - X & $t & %\ W %l M & M & & 

* & ' It & £ 3e ffl /9f * ' ^ J* * jfcdt ft St 4* - J9- JSL 
to 2 0 0 0 A ^##4^^^^€>#230i7oi4,#^-^ 

f; ># 1 8 0 ' -T to *» * - # a B a^^ • ^^it^ft^ — ^^^230 
4b * ^ flf ^(CMP) ' £ — ^ « ^ 230 flf & M. & 4b ^ * 

200 ^_b*S • EJ 4ft (etch back) # — 5- € * 23 0 S. - 




i » QWiSLW (10) 

220 ' «. * _L 4t © 48.*$- ^ — # t ^ 23 0 it & iB *P ®r >m HI S*dt 

#'J « • _L i£ ^ jft ^ "°T Pi -kp BO E flfc ft h & £'J -ft # a°o fj- 

^ ^ Jl i& ' *■ # #. H * * # b b b ^ 1 9 0 ' *»] ffl # # 
H B a ^ 1 9 0 ft -ft & ft. 4b ^ * 2 0 0 ; jfc ^ HI S*dt TS * ft 
# b b b & 1 9 0 # JSL ^ & >M An # * * ft 4t ^ # 2 0 0 ' ^ ^ ♦ *° 
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1 a m m S *°DRAM J!fc t f 1 ^ # ?-J 6i) ^ fi I ° 



3 



|3a£3e 
A #J ^ ^ 



H 7F ^ # m #T it ^ 3& & HI >^ 

& t W ^ ^ 3iL ^ *J fir if 



[ # & f& 9! ] 

j *» & 4fr : 

^7tilword line-WLj - WL 2 ; 

#l it &b i t 1 i ne~BL ; 

M. %k i&deep t rench~DT : 

4fc7t#fi5^§&bit-line contact~CB : 

-^^rlt^^^silicon substrate~10 ; 

^^.^t^pad structure~l 1 ; 

& Sfc € Sdeep trench capacitor~12 ; 
iL4b^^>#Silicon Nitride pad 1 a y e r ~ 1 3 ; 
H 4b ^ ># Si 1 i con Oxide pad layer~15 ; 
n + 35! # ^ Hk n + type diffusion area~14 : 
It'fb^yfSilicon Nitride 1 a y e r ~ 1 6 ; 
%L m *deep trench~17 

% — | b 9 b ^ f 1st Polysilicon layer~18 ; 
P& s e a m ~ 1 9 ; 
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4I^J^>t^collar die lectr ic~20 ; 
#-^£fij^,#2nd Polysilicon layer -2 2 ; 
% -= £ a B a ^ 3rd Polysilicon 1 ay e r ~ 2 4 ; 

& & m m & *&sti~2 6 ; 

& / 31 j& # H. ^source/drain diffusion 
area~28 ; 

5 A. ^ # ft H ^bur i ed strap outdiffusion 
area- 3 0 ; 

$ ft & IE ^.overlap margin a r e a ~ L ; 

% — H 4b ^ ># 1 s t Silicon Oxide layer~34 ; 

# & 4b 3? >t 2nd Silicon Oxide layer~36 ; 
2£ ^ & Tf£pX.^fdeep trench top size~S - S ' 

% w & m • 

4-^lt^Js-^silicon substrate~100 ; 
'M 'M-deev trench~dt ; 

# yf pad 1 ay e r ~ 1 1 0 ; 

%L & jfc € ^ H deep trench c ap ac i t or ~ 1 2 0 ; 
^ ^ 4b J| Si 1 i con Oxide pad layer~130 ; 
n + !£! # $t HI. n + type diffusion area~140 ; 
^•il / fb>fSilicon Nitride pad layer~150 ; 
H 4b & M Si 1 i con Oxide layer~20 0 ; 
% - | | B 1st Polysilicon layer~180 ; 

6 4b #7 W P& #Ni tri de spacer~160; 



1 




-ft IE M d i e 1 ec t r i c layer~210 ; 

# b b b ^ a - S i ~ 1 9 0 ; 

# h b b TS -§P a - S i top s i d e ~ 1 9 0 a ; 

# & & M. £P a -Si bottom s i de ~ 1 9 0b : 

H — £ H /f 2nd Polysilicon layer~2 30 

# € >§ co 1 1 ar d i e 1 ec t r i c - 2 2 0 - 
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